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Some of the most striking visual illusions fall into the category of multistable phenomena. These are situations in which an unchanging stimulus generates alternating perceptual states. Some examples are Necker cube reversals, binocular rivalry, ambiguous structure from motion and motion-induced blindness 1 .
Motion-induced blindness (MIB) is a phenomenon of visual disappearance in which a salient target becomes intermittently invisible when surrounded by a field of rotating distractors 1 . Several explanations have been proposed to explain this illusion:
slowdown of the attentional switch 1 , interhemispheric competition 2 , depth ordering, surface completion 3 and perceptual filling-in 4 among others. The aim of our first, perceptual, experiment was to test whether having a large surface-inducing mask is necessary for MIB to occur. To do this we compared the effects on the rate of target disappearance of a full mask, a mask that only just surrounded the target and flashing bars around the target 5 ( Figure 1A , 1B and 1C). There was no difference between the rates of disappearance or the time the target remained invisible under these conditions ( Figure 1E ). To further explore how early in the visual system MIB suppression originates, we asked how MIB is affected by segregating the mask and target across the vertical midline. We arranged target and mask as shown in Figure 1D with the mask only visible at a distance of 1 degree to the left of the target. Then we varied the fixation location so that the mask and target were both on the same side of the midline, or on opposite sides of the midline, and we found that the target disappeared significantly less often when it was on the opposite side of the vertical midline from the mask, compared to the same-side condition ( Figure 1F ). This result further supports the idea that MIB is generated by suppressive interactions occurring at early visual areas, because only in early visual areas are receptive fields (and their inhibitory surrounds) restricted to one or the other hemisphere 6, 7 .
Since the perceptual studies summarized in Figure 1 indicate a role for early visual areas in generating MIB, we looked at the firing patterns of individual V1 neurons in two alert fixating macaques while they viewed the MIB stimulus. One of these monkeys was trained to report the visibility of a peripheral yellow target in the presence of an MIB mask while maintaining fixation on a small spot. Each trial started with the target present in the cell's receptive field, and the monkey was trained to move a lever rightward when he saw the target disappear, and to move it leftward when the target reappeared. In some trials the target actually disappeared and reappeared, and in some trials it remained present throughout the trial. The monkey was rewarded at the end of the trial.
Great care was taken to ensure that the lever pulls reflected perceptual reports (see supplementary methods). The pattern of the monkey's reports indicates that macaques, like humans, perceive disappearances of the salient target in the presence of a moving field of dark blue crosses.
We recorded from single units in V1 while the monkey viewed the MIB stimulus shown in Figure 1A , with the target centered on the receptive field of each cell recorded.
A protection zone surrounding the target prevented the mask from entering the activating zone of the V1 cells. We compared V1 neural activity preceding lever presses in trials when the target actually disappeared and re-appeared to the activity in trials when the monkey moved the lever even though the target was continuously present throughout the trial (and we will refer to the lever presses in these latter trials as indicating illusory disappearances). We observed, as expected, an increase in neural activity around 500 ms before lever presses in response to actual target appearances and disappearances, but we also observed a similar, but smaller, average increase in activity before lever presses indicating illusory transitions. However the increases in neural activity preceding illusory transitions were much smaller than the peaks of activity preceding real target transitions and did not reach statistical significance (Fig 2A) . We therefore cannot explain the illusory disappearances simply by parallel changes in the activity of V1 cells.
However, we noticed that in the presence of the MIB mask, the responses of the V1 cells to actual appearances and disappearances of the target were often attenuated compared to the mask-absent condition, so we asked whether the mask might weaken or interfere with neural responses to the target in V1. We measured the responses of 25 single cells in V1 to the presentation of the same target with and without the MIB mask in two monkeys during passive fixation. On average, the neurons gave smaller responses to both appearances and disappearances of the target in the presence of a surrounding mask compared to the no-mask control condition (Fig 2B) . On average, there was a significant decrease in the initial peak response to both target ON and target OFF in the presence of the MIB mask (paired t-test, p<0.05), and no significant difference in the sustained responses (300-500ms, paired t-test, p>0.05).
Our Even if high-level effects such as object competition or attentional modulation are the final stages responsible for target visibility, our results suggest that the mask-induced reduction in target responses as early as V1 also play an important role. That is, when the signal from lower levels is noisier, the detection processes in higher-level cells will also be more error prone. In this view, we would expect activity in the whole population of V1 cells that respond to the target to correlate to some degree with the perceptual report, of cells with larger response to no-mask condition. Blue line represents the average firing rate when no mask was present and red the average firing rate when the MIB mask was present. Responses were aligned by time to peak and normalized by the maximum firing rate for each cell.
